Introduction
Worldwide, thousands of different pharmaceuticals are used daily in human and veterinary medicine [1] . Many of these pharmaceuticals are only partially metabolized to inactive compounds and remain in the tissues of carcasses or the waste products excreted to the environment [1] (also see [2] ). A significant proportion of the human pharmaceuticals that are excreted enter wastewater treatment plants (WWTPs) [1] . Here, they can be taken up into the invertebrates living on the trickling filters involved in secondary treatment [3] . Thus, there is a potential for animals such as birds [4] and bats [5] that forage on WWTPs to be exposed to pharmaceuticals. Moreover, many of the pharmaceuticals that enter WWTPs are incompletely removed by treatment processes [1, 6] . Consequently, effluent discharges to surface waters [7] and the application of sewage sludge [8] to farmland potentially exposes terrestrial and aquatic wildlife beyond those foraging directly on WWTPs [9] [10] [11] . This is important because pharmaceuticals in the environment are potentially insidious contaminants, designed to alter physiology and behaviour at low concentrations by interacting with receptors many of which are evolutionarily conserved across vertebrate taxa [12] . To date, studies using environmentally relevant concentrations of pharmaceuticals and non-model animals are rare, particularly for terrestrial species and exposure routes ( [13, 14] ).
Mortality and reproductive failure resulting from exposure to pharmaceuticals in the environment have already been observed in wildlife including birds (e.g. [15, 16] ). Beyond these severe endpoints, pharmaceuticals may act indirectly on fitness. For example, it has recently been demonstrated in the laboratory that 'environmentally relevant' concentrations of the anxiolytic drug, oxazepam, caused changes in activity, feeding rate and social behaviours of wild European perch (Perca fluviatilis) [17] . Wild starling (Sturnus vulgaris) nestlings fed endocrine-disrupting chemicals, including 17a-ethinylestradiol from the contraceptive pill, mimicking exposure via invertebrates from WWTPs, grew more slowly and showed poorer immune function than controls [18] . Interestingly, basal stress hormone levels, an index of chronic stress, were unaffected by the treatment. Changes in behaviour or physiology could be just as important in terms of fitness, and consequently population dynamics, as direct effects on mortality and reproduction ( [15, 16] , also see [19] ).
In this study, we first identified pharmaceuticals predicted to pose potential risks to birds that forage on the invertebrates living on WWTPs (see the electronic supplementary material). This prioritization process was based on the characteristics of each pharmaceutical including the human usage rate, degradation rate in sewage, bioaccumulation factor in invertebrates and chemical properties. This process identified fluoxetine (Prozac), a selective serotonin re-uptake inhibitor (SSRI) antidepressant, as a potential risk to birds (electronic supplementary material). Fluoxetine, along with other antidepressants, has been detected in effluent and surface water at concentrations up to the mg l 21 level and in fish tissue at the ng g 21 level [20, 21] .
Fluoxetine prevents the re-uptake of serotonin by the presynaptic cells in the brain, thus increasing the neurotransmission of serotonin [22] . Fluoxetine is commonly used to treat anxiety-related conditions such as depression, obsessive compulsive disorder and bulimia [23] . Moreover, there is growing evidence that SSRI antidepressants not only reduce depression and anxiety, but can also change personality traits, for example, resulting in people becoming less neurotic and more extroverted [24, 25] . In animals, personality traits are defined as behavioural differences that are stable within individuals measured repeatedly across a range of situations or contexts [26] , and include aggression, activity, exploration and boldness [27, 28] . An individual's combination of personality traits essentially determines how it will cope with environmental and social stressors. Thus, exposure to fluoxetine could alter behavioural responses to stimuli and potentially also personality traits in non-target wildlife [15] .
Fluoxetine also induces a range of side effects in humans, for example, sexual dysfunction [29] , lethargy [23] and weight and appetite changes are all common [30] , most probably owing to the connection between the serotonergic system and the neuroendocrine system [31] . If fluoxetine causes some of the changes to behaviour and physiology in free-living animals that are commonly observed in humans, then there could be negative implications for survival chances. In the wild, food resources vary and are inevitably probabilistic, so in a wide range of taxa (from bees, fish, birds to mammals), animals are generally risk averse unless they are at a high risk of starvation [32, 33] . Altered activity levels, food intake, mass balance and stress responsiveness are predicted to shift how an individual manages the trade-off between starvation and predation risk. In birds, there is a very finely balanced trade-off between maintaining the fat reserves required to prevent starvation, particularly in cold weather, and retaining the ability to fly away from predators [34] [35] [36] [37] [38] [39] . The physiological mechanisms underpinning this trade-off involve corticosterone (CORT), the main glucocorticoid in birds. Levels of CORT are known to affect body mass and behaviour in birds [40, 41] . CORT is elevated in response to environmental perturbations to adjust physiology and behaviour (e.g. foraging) appropriately for the prevalent conditions [42] . The release of CORT promotes gluconeogenesis, which can mobilize fat reserves for energetically demanding activities such as escaping predators [42] and responding to thermal conditions. CORT responses to environmental stressors are, therefore, predicted to be affected by exposure to fluoxetine.
Unlike previous studies on fluoxetine in terrestrial species [43] , we assessed the effects of exposure to environmentally relevant levels of fluoxetine, administered in prey items over an ecologically relevant period of time, on wildlife using starlings as the test species. Starlings are a good model as they forage on WWTPs throughout the year [44] with up to 50% of their diet coming from trickling filters in the breeding season [45] . To maintain body mass in captivity, starlings must consume at least 60% of their diet on a dry mass basis as invertebrates, this equates to approximately 35 g of larvae per day [46] ; higher energetic demands in the wild will inflate this value further [47] . Thus, we assumed that wild starlings would consume 45-50 g of invertebrates per day (wet weight), with 50% coming from trickling filters. The fluoxetine concentration in invertebrates was estimated based on values obtained from the literature [48] and our laboratory. A second reason for selecting starlings is that their behaviours are relatively well characterized [49] .
Overall, we aimed to investigate whether exposure to fluoxetine modified behavioural and physiological endpoints. Specifically, we addressed whether experimental exposure to fluoxetine altered: (i) diurnal variations in visits to food trays; (ii) risk-taking behaviours and personality traits (exploration in a novel environment and boldness); (iii) activity levels; (iv) physiological stress responses to isolation; and (v) the relationship between CORT metabolite levels in isolation and change in body mass.
Material and methods
We captured 24 wild starlings from a roost site in October 2011 and transported them to outdoor aviaries. Upon arrival, birds were weighed, aged and sexed (adults: five males and five females; first year birds: seven males and seven females). Each bird was colour ringed and the colour ring was fitted with a unique Passive Integrated Transponder tag (PIT tag, less than 0.1 g, Trovan Unique). Twelve birds each were allocated to both the fluoxetinetreated (FLUOX: seven males and five females) and the control group (five males and seven females). Birds from both treatments were placed into each of four outdoor aviaries which were visually but not acoustically isolated. Aviaries contained multiple perches in the roofed and unroofed areas, two food trays, one water hopper and a water bath were available ad libitum. All birds experienced a period of four weeks acclimatization and 'washout' before pre-treatment 'baseline' data were collected. Diurnal variation in foraging was recorded between weeks 8 and 18 of treatment. Behavioural experiments and faecal sampling were repeated at the 'end', after 16 weeks of treatment (see the electronic supplementary material for more details of husbandry and experimental set-up). Start and finish date for each aviary was staggered over four weeks.
(a) Experimental treatment
The level of fluoxetine administered to the birds was designed to simulate the exposure that birds would receive from feeding on rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 369: 20130575
), for the fluoxetine-treated birds was calculated from the predicted environmental concentrations of fluoxetine (derived from the mass of fluoxetine prescribed in England in a year, the percentage of active ingredient excreted unchanged, the population of England and the volume of wastewater per capita per year), the bioconcentration factor of fluoxetine from soil and pore water into worms (a value of 133 was used; LJ Carter et al. 2011, unpublished data) and the mass of invertebrates consumed daily by starlings (wet weight; a value of 23.5 g was used [46,50 -52] ).
Our predicted daily dose for birds was 0.92 mg d
21
, which was later confirmed as environmentally relevant based on analysis of worms from four WWTP trickling filters which gave a mean concentration in earthworms (Eisenia fetida) of 26. ; see the electronic supplementary material for full details of methods).
To administer the treatments to the birds, each day live lesser wax worms (Achroia grisella) were injected with either 1.3 mg fluoxetine solution (Prozit 20 mg/5 ml solution, PineWood Healthcare, Clonmel, Republic of Ireland) dissolved in 2.5 ml carrier medium (deionized water) or 2.5 ml carrier medium (controls). Each day, duplicate treatment and control wax worms were also injected and stored at 2208C. A subset of these additional worms were randomly selected, extracted with methanol and analysed by high performance liquid chromatography as a quality control (mean concentration 1.58 mg worm
, N ¼ 8, percentage relative standard deviation (%RSD) ¼ 13; see the electronic supplementary material for methods). Each bird was caught in its home aviary and handfed one worm per day, 5 days per week (electronic supplementary material). While every care was taken to minimize the stress of capture and handling (the help of an experienced animal technician was used to capture and feed birds), capture and handling are likely to represent stressors to which birds are unlikely to fully habituate [53] . Total capture time was typically less than 20 min and it usually took approximately 10 s to remove a bird from its bird bag, feed it a worm and release it to its home aviary. Both treatment groups experienced the same capture process. Many individuals voluntarily took their treated invertebrate from the forceps.
(b) Diurnal variation in foraging
In order to assess diurnal variation in foraging behaviour of individuals in their home aviary, we used a system of electronic tag readers. Two antennae (8 Â 5 cm; Trovan, www.trovan.com) were positioned flat in the two food trays (40 Â 20 Â 6 cm). The monitoring system was set up to read at 1 s intervals, recording the unique PIT tag code along with a date and time thus enabling us to calculate the total number of feeding visits (a visit was classed as an absence of more than 4 s, based on pilot data) per bird per hour. After 48 h of acclimatization to the recording equipment, visits to feeders were recorded for 48 h. The readers were rotated around the aviaries so that foraging behaviour was recorded twice per aviary for a period of 2 days between 15 February 2012 and 26 April 2012. During this period ambient temperatures ranged from 278C to 238C.
(c) Behavioural assays
At the baseline and end, behavioural and physiological responses of individuals to standardized stressors were assayed in isolation over a 2-day period. The test cages (127 Â 39 Â 36 cm; Kent Cages, Kent, UK) sat within an outdoor aviary so that birds were exposed to natural weather and light conditions but visually occluded from other birds.
Exploratory tendency was assayed over two trials, one each on consecutive days, at baseline and again at the end (adapted from [54] ). Each bird moved from its home aviary to one-half of a randomly selected test cage at least 1 h before dusk. By containing the bird within one-half of the cage, a familiar half and a novel half (behind the wooden divider) were created. One-half was lined with white paper and contained two perches wreathed with vines of plastic 'sycamore' leaves, whereas the other half had brown paper and plastic 'ivy' vines to create two 'habitats'. In other respects, both halves of the cages were identical. The familiar half of the cage and the 'habitat' type were randomly selected prior to the trial. Birds were provided with food ad libitum (usual diet of chick starter crumb, wild bird seed and insectivore mix as well as a few meal worms) and water. The following morning (day 1), food and water were removed (typically between 8.00 and 9.00) an hour before the start of the trial to standardize hunger. All spilt food was removed from the cage bottom, faeces collected and the lining paper replaced (see next section 'Corticosterone metabolites').
To start the trial, the wooden divider between the two cage halves was removed and the observer retreated behind a screen with an observation hole (2 Â 2 cm). When the bird was perched, a movement was defined as a hop or a flight; when on the ground, any movement of the feet or a flight was defined as a movement with the endpoint of a movement used to define its location (i.e. novel or familiar and ground or perched). When the end of a movement was on the central ridge of the cage (on average 4.8% of total movements at baseline and 7.6% at the end), then the direction in which the bird was facing defined the endpoint of the movement (novel ground or familiar ground). As starlings are ground feeders [55] , exploratory tendency was defined as the number of total movements on the ground in the novel half during the 10 min trial as a proportion of the total moves [55] . General activity level was scored as the total number of movements in the 10 min exploration trial. The exploration trial was repeated the next day ('day 2') at both baseline and end. For the end trials, after each exploration trial, each bird was captured and immediately given its experimental treatment before returning to the test cage. The bird then had access to the whole cage and was given 1 h to feed and drink undisturbed before the boldness trial.
Forty-five to sixty minutes before the start of the boldness trials, the food (along with any spilt food) and water were removed to induce hunger. To start the trial, the food bowl containing three to four meal worms (Tenebrio molitor) as well as the usual food was returned to the outermost side of the cage. The latency of the first approach to the food bowl (defined as less than one body length) was recorded. Birds that approached before the watch could be started were given a latency of 0.1 s with trials lasting for up to 1800 s. Trials were terminated as soon as the bird had approached for a second time or after 1800 s, whichever came first. The latency to approach rather than to feed was recorded as not all birds fed during the experiment [54] , however, in all trials latency to approach and latency to feed were correlated ( p , 0.05 in all cases). After the day 1 trials, the birds were switched between cages, the divider was replaced and the arrangements of habitats were changed in preparation for the exploration trial on day 2.
(d) Corticosterone metabolites
We analysed faecal CORT metabolites rather than plasma CORT to avoid additional stress from handling and blood sampling which could have affected the second day's behaviour trials. Also, we wanted to measure how the birds habituated to individual isolation rather than testing their responses to repeated handling stress. At baseline and end trials, each bird was put in an individual test cage on the afternoon of day 0. The following morning (day 1) fresh faeces were removed from the paper lining the cage and placed in a 1.5 ml sealed tube. The lining paper was again replaced prior to dusk on day 1 and the faeces collected the following morning. Faeces were placed into a freezer at 2208C while behavioural measures were completed before being weighed to +0.001 g later the same day and dried at 408C until there was no change in rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 369: 20130575 mass. Dried faecal samples were stored at 2208C until analysis in September 2012. Analysis took place on consecutive days using the CORT OCTEIA ELISA kit (ID Labs, Boldon, UK). This ELISA has been validated for a range of species (sensitivity 0.55 ng ml 21 , mean recovery using faeces ¼ 93%, mean linearity ¼ 100%, intra assay mean ¼ 4.95% CV, inter assay mean ¼ 7.9% CV).
(e) Change in body mass
Body mass was recorded in the late afternoon on day 0 and again at a similar time on day 2 just before birds returned to their home aviaries.
(f ) Statistical methods
All data were analysed using R v. 3.0.2 [56] . To assess diurnal variation in feeder visits, we used a zero inflated repeated measures model with a Poisson error structure in R-package glmmADMB. It was important to control for zeroes in the model as they were generated in different ways (e.g. a bird was not feeding or a bird was not in range of the antenna when it fed). For each day's data, we took the first and last 4 h of recordings and took the number of visits per bird per hour as the response variable. We corrected time relative to sunrise and sunset, respectively. Initially, we looked for the linear and the quadratic relationship, however, only the quadratic relationship (indicative of the expected bimodal peaks in feeding effort around sunrise and sunset) was significant and so we dropped the linear relationship from the models. Treatment and day effects were tested using generalized estimation equations (GEEs) which were fitted with R package geepack [57] to account for data from the same individual being repeated (i.e. days 1 and 2). Repeatability between days was quantified using the effect of day in the GEE. The boldness and natural log-transformed activity data were normally distributed and exploratory tendency (number of ground movements in novel half out of total number of movements) showed a binomial distribution. In each case, the difference between the treatment and control groups was tested using the Wald statistic produced by the GEE, by comparing it to a x 2 -distribution with 1 d.f. When analysing the changes in body mass in response to CORT, we used a linear model. In all the analyses below, factors were tested against the 5% significance level.
Results (a) Diurnal variation in foraging behaviour
Within their home aviaries, control birds visited the food trays more than the FLUOX birds (Z ¼22.20, N ¼ 768, p ¼ 0.028).
Time after sunrise and before sunset was also significant in the model (Z ¼22.45, N ¼ 768, p ¼ 0.014). Variation in feeding rate was described by quadratic relationships with time which differed between treatment groups (Z ¼ 2.53, N ¼ 768, p ¼ 0.011): controls increased their frequency of visits to food trays in the 3 h after sunrise (figure 1a) compared with FLUOX birds. There was a less pronounced peak in food tray visits just before sunset in controls but not FLUOX birds (figure 1b).
(b) Behavioural assays
For both baseline (electronic supplementary material, table S1) and end trials (table 1), exploratory tendency, activity and boldness were repeatable between days 1 and 2. Exploratory tendency (table 1 and figure 2a for end, and electronic supplementary material, table S1 , for baseline), activity levels (table 1 and figure 2b, and electronic supplementary material,  table S1 ) and boldness (table 1 and figure 2c, and electronic  supplementary material, table S1 ) did not vary with treatment, day (1 or 2) or in the way that the birds of the different treatment groups habituated from day 1 to day 2, as shown by the non-significant interactions for treatment and day in table 1 (end) and the electronic supplementary material, table S1 (baseline).
(c) Corticosterone metabolites
The mean faecal CORT metabolite concentration was obtained from two replicates, for each sample the variability between replicates was significantly repeatable (single factor ANOVA) given the level of variation between birds (baseline day 1: The level of faecal CORT metabolites in faeces did not differ significantly between treatments or change from day 1 to day 2 differently between the two treatments at baseline (electronic supplementary material, table S1). In the end trials, CORT metabolites were significantly lower for all birds on day 2 compared with day 1 ( figure 3a and table 1 ). The variances in mean CORT metabolites for FLUOX birds were the same on days 1 and 2 ( 
(d) Corticosterone metabolites and body mass change
In isolation, the birds in both treatment groups lost weight during the 2 days that they were held in individual test cages for the behaviour trials at baseline and end. There was no treatment effect on weight loss at baseline or end ( 
Discussion
Our fluoxetine treatment can be considered environmentally relevant based on our estimated and measured concentrations of fluoxetine in worms [18, [45] [46] [47] . It is intriguing that there was no effect of fluoxetine on boldness, exploratory tendency or activity levels in individual isolation. Whether this was due to the environmentally relevant, but low, dose administered; the subtle, non-standard, endpoints investigated; or the small sample size, from a statistical but not an ecotoxicology perspective, is difficult to interpret. Even though our environmentally relevant exposure for birds corresponds to only 2.2-6.5% of the human therapeutic dose (when corrected for body mass differences) we found evidence that fluoxetine could potentially affect mass balance in starlings through both behavioural and physiological mechanisms. If starlings eliminate fluoxetine as slowly as humans [59] , then it is possible that accumulation of fluoxetine and down regulation of the post-synaptic serotonin receptors in the brain could have occurred.
In terms of behavioural effects, we found the diurnal patterns in food tray visits of FLUOX-treated individuals did not show the normal peaks at times of highest nutritional need, that is immediately before and after the overnight fast [60] . Moreover, FLUOX birds overall made less visits to food trays than controls in the relatively low stress surroundings of their home aviaries within their familiar flock.
From a physiological perspective, we found no relationship between the levels of CORT metabolites in faeces and body mass loss during a stressful situation for FLUOX birds but there was the expected relationship with high CORT metabolites causing greater body mass loss in controls. However, the relationships between faecal CORT metabolites and circulating CORT [61] are notoriously difficult to interpret. Further experiments on the effects of fluoxetine on mass balance and circulating concentrations of basal and acute CORT would allow us to establish the proximate mechanisms and ultimate impacts of fluoxetine-induced changes in foraging and stress responsiveness.
To place these findings in context, maintenance of body mass plays a vital role in birds and they can change their body mass considerably in a short space of time [62] . Over the course of 24 h, birds must regulate their body mass precisely to ensure that they lay down enough fat reserves to provide sufficient insulation and energy to survive periods without food while not gaining so much mass that it inhibits their ability to avoid predators [62] . Under predation pressure, optimal foraging models suggest that birds' daily foraging patterns should exhibit bimodal peaks around the hours of sunrise, to stave off starvation risk and to build up energy reserves, and sunset, to build up fat reserves [63] . Controls showed the expected bimodal peaks in feeding around sunrise and sunset but for FLUOX birds the peaks occurred later in the morning and early in the afternoon. Additionally, the control birds had a higher overall feeding effort than FLUOX birds. Fluoxetine has been shown to alter appetite in humans [64] , and it is believed that the serotonergic nerve terminals play a role in regulating feeding behaviour [65] with serotonin decreasing food intake and increasing energy expenditure [66] . It is possible that we have found evidence that fluoxetine, as in humans, caused individuals to be less sensitive to physiological signals stimulating foraging behaviour as displayed by their lower feeding effort and delayed foraging peaks. This has clear implications for mass balance and potentially for survival.
When individuals were moved into test cages for 2 days, as expected all birds showed relatively high levels of CORT metabolite in the faecal samples collected from their first night in isolation. Stress hormone metabolites in samples collected from the birds' second night in isolation were significantly lower than in the first sample. The evidence for the effects of fluoxetine on glucocorticoids in other species is inconsistent. For example, Debellis et al. [67] found evidence that fluoxetine decreased levels of corticotropin releasing hormone in humans, a precursor hormone to the release of cortisol. In fish, [68] acute activation of serotonin receptors reduced levels of glucocorticoid precursor hormones while chronic activation of the serotonin receptors elevated production of the glucocorticoid precursor hormones in a non-stressful situation. Thus, the effects of fluoxetine on CORT are likely to be complex and probably context dependent. Analysing CORT in blood samples might help differentiate between effects of fluoxetine on basal-and stress-induced CORT concentrations. Metabolites contained in faeces can be used as a non-invasive measure of CORT [69] which provides an integrated measure of CORT levels over a period of several hours which not only has a number of benefits over blood sampling but also has several limitations such as the effect of sex, diet and digestive efficiency [61] . Interestingly, control birds that had higher CORT levels on day 1 lost more body mass over 2 days than those with lower levels of CORT metabolites, as expected from other studies of CORT metabolites. For example, work by Dickens et al. [70] on chukars (Alectoris chukar) showed that on the first day of captivity, both baseline and stress-induced CORT Figure 2 . Median behaviour at the end trials (days 1 and 2) for control (white) and FLUOX birds (grey): (a) individual exploration ( proportion of total movements that were novel ground movements), (b) individual activity (ln(total number of movements þ 1)) and (c) boldness (ln(latency to approach food (s)). Boxes represent the upper and lower quartiles and points beyond the ends of the whiskers represent outliers as defined by Tukey [58] . body mass (g) Figure 3 . (a) Median faecal CORT metabolite concentration (ng/g of dry faeces) on days 1 and 2 for the end trials and (b) median body mass (g) on day 0 (the afternoon before the day 1 trials) and day 2 for end trials for control birds (white) and FLUOX birds (grey). Boxes represent the upper and lower quartiles and points beyond the ends of the whiskers represent outliers as defined by Tukey [58] .
rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 369: 20130575 concentrations were raised and birds lost weight. However, for FLUOX-treated starlings there was no relationship between CORT metabolites and mass change. CORT is intrinsically linked to energetic status through its role in glucose regulation [71] and has been linked to environmental conditions [34, 35] , diet [38, 39] and body condition in birds [72, 73] . Therefore, it is plausible that disruption to CORT production could also have influenced the way individuals responded to environmental stimuli associated with diurnal variation in starvation probability [71] . In order to establish whether the feedback pathways linking CORT and body mass have potentially been disrupted, we would need to repeat these experiments and collect plasma samples before and after isolation [74] . This was not done in this experiment as blood sampling in the middle of 2 days of behaviour trials would have been a significant stressor.
Exploratory tendency and boldness, but not activity, were repeatable across trials in both treatment groups, indicating that they were personality traits in our starlings that reflect stable individual differences in how individuals responded to environmental stressors. However, we found no evidence of a treatment effect on these behaviours. Previous studies have found contradictory evidence for the effects of fluoxetine on activity but have focused on aquatic species (Brodin et al. [19] ). A reduction in activity was observed in mosquito fish (Gambusia affinis) by Henry & Black [75] but at much higher concentrations than De Lange et al. [76] , who found no effect at environmental concentrations [77, 78] . These studies support our findings which suggest that pharmaceuticals designed to treat anxiety-related conditions may not have the expected effects in wild animals based on therapeutic or side effects in humans.
Although effects on boldness, exploration and activity may not have been observed due to the low dose, the aim of this study was to be environmentally relevant. The null results could have been produced for a variety of reasons other than the low dose. These reasons include the small sample size, individual variation, simply looking at the wrong endpoints or the stress of the daily capture. One of the more challenging aspects of working with terrestrial species is administering the dose via a vehicle that closely mimics uptake in the environment without inducing capture and handling stress that outweighs the effects of the experimental treatment. It is known that birds are unlikely to habituate to repeated capture and handling stress and that the resultant repeated short-lived peaks in CORT can have lasting effects on physiology [53] . Therefore, it was important that the control group experienced the same stress as the FLUOX group. There is a realistic possibility that we were only measuring the effect of fluoxetine in stressed birds. However, the presence of significant variation in CORT levels (regardless of the treatment group) suggests that there was still variation in stress level. However, factors such as differences in digestive tract efficiency make differences in faecal CORT metabolites difficult to interpret.
Conclusion
This is one of few studies to have investigated the effects of pharmaceuticals in either wild or terrestrial vertebrates. To place our findings in a wider context, many terrestrial species forage on food sources contaminated with human sewage and, consequently, will uptake a range of pharmaceuticals [21, 65] . However, the proportion of diet that is made up from prey items obtained from trickling filters is poorly defined and difficult to obtain. We have administered starlings with a predicted environmentally relevant dose. This dose was calculated based on values obtained from the literature and our laboratory and was within the same order of magnitude as the mean concentration found in Eisenia fetida in the environment, making our findings that fluoxetine may alter diurnal variation in food tray visits and disrupt the relationship between CORT metabolites and mass balance worthy of further investigation. Importantly, fluoxetine is not the only pharmaceutical, or indeed the only antidepressant, to be detected in the environment [20, 21] ; through additive or synergistic interactions, mixtures of pharmaceuticals could potentially be more potent than single compounds increasing the likelihood of adverse effects. Here we have demonstrated the potential for an antidepressant to alter behaviour and physiology in birds at environmentally relevant concentrations. We suggest that more research is required in both the field and the laboratory to determine the extent to which pharmaceuticals bioaccumulate in prey items, their uptake by wildlife via food and their potential to impact upon fitness-related traits.
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